Steers (20 Bos indicus cross [BIX] and 20 Bos taurus cross [BTX]) were randomly assigned to a 2 × 2 factorial experiment within two weight blocks per treatment 1 ) to study the effects of repeated urea dilution ( U D ) measurement on feedlot performance and 2 ) to determine the consistency of estimated body composition in steers of different breed types. Weights were taken on d 0, 42, 84, 126, and 140. Urea dilution was determined on half of the pens in the experiment, and ultrasonic measurement of backfat (BF) was performed on all cattle on d 0, 42, 84, and 126. Pen means of all performance variables were used in the analysis of variance. Carcass data were analyzed on an individual basis. Within periods, ADG was inconsistent between controls and steers on which UD was determined (1.95 vs 2.03, 1.61 vs 1.28, 1.51 vs 1.71, and 1.77 vs 1.47 kg, P = .23, .02, .09, and .11, respectively, for Periods 1, 2, 3, and 4, SEM = .07). Overall, UD had no effect (control vs UD, respectively) on ADG (1.70 vs 1.68 kg, P = .77, SEM = .07), DMI (8.26 vs 8.03 kg, P = .69, SEM = .36), gain efficiency (207 vs 209 g BW gain/kg DMI, P = .78, SEM = 2.34), hot carcass weight (HCWT; 360 vs 358 kg, P = .90, SEM = 2.52), or percentage of estimated carcass fat, (ECF; 38.8 vs 37.0%, P = .61, SEM = 1.05). Breed types (BIX vs BTX, respectively) had similar ADG (1.74 vs 1.64 kg, P = .27, SEM = .14), DMI (7.96 vs 8.30 kg, P = .50, SEM = .36), backfat thickness (16.4 vs 15.0 mm, P = .30, SEM = .45), and ECF (38.9% vs 36.6%, P = .48, SEM = 2.01). Urea dilution estimated empty body fat values increased with days on feed (14.4 ± 1.36; 22.7 ± 1.47; 26.0 ± 1.36; 30.4 ± 1.47%, respectively, for d 0, 42, 84, and 126). Using yield grade factors to calculate ECF consistently produced a value that was higher than empty body fat determined by UD (UDEBF) 14 d prior to slaughter (36.9 ± 1.73 vs 30.4% ± 0.17). Significant correlation coefficients were found for the pooled data between UDEBF vs BF, r = .84; UDEBF vs live weight, r = .99; UDEBF vs ECF, r = .82; and UDEBF vs percentage of carcass protein, r = −.99. This study demonstrated that there are no detrimental effects of the urea dilution procedure on performance characteristics of feedlot cattle. Beef cattle of different breed types may be accurately evaluated with urea dilution.
Introduction
The determination of live animal carcass composition has become of economic importance because of the emphasis on lean carcasses, reduced support available to researchers, and the desire to not slaughter the animal for this determination. The urea dilution ( UD) procedure (Preston and Kock, 1973; Kock and Preston, 1979; Rule et al., 1986; Hammond et al., 1990) and ultrasonic measurement of backfat (Temple et al., 1956; Stouffer and Cross, 1985) hold much promise for being practical and easily implemented for research and on farm applications. However, it is not known whether multiple UD measurements influence growth performance of cattle. Moreover, Bartle et al. (1987) and Hammond et al. (1990) concluded that slight differences in prediction equations may be needed for various breed types when using UD. Also, Bennett et al. (1982) indicated that the UD procedure was more accurate on groups of homogeneous cattle. Therefore, the objectives of this research were 1 ) to further determine the effects of repeated UD on the performance, ADG, and feed efficiency of feedlot cattle, 2 ) to further determine the consistency of UD measurements over time, 3 ) and to quantify the differences in UD between Bos indicus cross ( BIX) and Bos taurus cross ( BTX) cattle.
Materials and Methods
Steers (20 BIX and 20 BTX) were used in a 2 × 2 factorial experiment after an initial 28-d receiving period. The steers were randomly assigned to pens of five cattle each within breed type, and light and heavy blocks. All steers had free access to the same highconcentrate finishing diet (Table 1) . On d 0 and 84, all steers were implanted with one Revalor ® -S implant (120 mg trenbolone acetate and 24 mg estradiol; Hoechst Roussel Agri-Vet Company, Somerville, NJ). Individual 16-h shrunk weights were recorded on d 0, 42, 84, 126, and 140. Feed intake was measured on a pen basis, and DMI was calculated based on standard dry matter determination measurements. Real-time ultrasound images of 12th rib backfat were captured, and UD was determined on one-half of all animals on d 0, 42, 84, and 126.
The urea infusion solution consisted of 20% urea in .9% saline solution (wt/vol) and was infused at a rate of .75 mL or 150 mg of urea per kilogram of live BW. The urea solution was mixed and sterile-filtered within 24 h of infusion. The solution was stored overnight at 4°C. Urea space measurements were performed as described by Preston and Kock (1973) . Feed was withheld for 16 h prior to infusion for all steers, including controls. Infusion was accomplished by jugular venipuncture method using a 14-gauge, 57 mm i.v. catheter (Critikon, Tampa, FL). A 10-mL blood sample was collected ( T 0 ) before infusion. The predetermined volume of infusate was infused within 2 min using a 60-mL syringe and a three-way syringe stopcock valve. Infusion times were recorded, and the midpoint of infusion used as the start time. After 12 min ( t 12 ) , blood was sampled. The accuracy of the volume of infusate injected was gravimetrically determined by difference after infusing a typical volume into three volumetric flasks, once each at the beginning, midpoint, and end of the sampling day and weighing the flask before and after dilution to volume with distilled water. All blood samples were stored on ice in sterile Vacutainers ® (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) that contained EDTA as anticoagulant. Samples were centrifuged (3,000 × g for 20 min), and plasma was harvested.
Plasma urea nitrogen ( PUN) analysis was performed (Fawcett and Scott, 1960; Chaney and Marbach, 1962; Searle, 1984) within 24 h after sampling using a Beckman DU-50 spectrophotometer. Duplicate runs were performed, and all samples were analyzed in triplicate within each run. Analysis of samples was accepted if the CV was less than 2% within and 5% between runs. Percentage of empty body water ( EBH 2 O), percentage of empty body fat ( EBF) , and percentage of carcass protein of each steer were calculated using multiple regression equations, which used urea space expressed as mass (volume) and live weight (Rule et al., 1986) .
Real-time ultrasound images, (3.5 MHz transducer; Tokyo Keiki Company, Boulder, CO) were taken on the right side of each steer at the 12th rib immediately after it was weighed. Excess hair was clipped to reduce interference. Mineral oil was then liberally applied to the area to ensure proper contact of the probe and propagation of the sound waves. All images were captured on a video monitor. Using the calipers of the ultrasound console, backfat thickness was measured and recorded.
On d 140, all steers were weighed and slaughtered (Excel, Plainview, Texas). The carcasses were allowed to chill for 48 h. Hot carcass weight, longissimus muscle area ( LMA) , fat thickness, percentage of kidney, pelvic, and heart fat ( KPH) , and degree of marbling were recorded.
Overall performance and carcass data were analyzed using a split-plot in time in which urea dilution and breed type were the main plots (SAS, 1996) . Main effect error term was based on interactions with weight block. No interactions between treatment and breed type were noted in the main plot. A split-plot design was used to evaluate possible interactions between breed type, weight block, and sampling period for the repeated measures data collected. Least squares means for treatment, block, and breed were used to calculate Pearson's correlations. 
Results and Discussion
All variables had significant differences ( P < .05) for period effect. This was expected because the steers were in the finishing phase and were depositing fat.
Average daily gain comparisons were inconsistent within periods for UD and control steers. Urea dilution steers were not different from the control steers for ADG values for d 0 to 42 and 85 to 126 (2.03 vs 1.95 and 1.71 vs 1.51 kg; SEM = .07, P = .24 and .10, respectively). Control steers had higher ADG values during d 43 to 84 and 127 to 140 (1.61 vs 1.28 and 1.76 vs 1.53; P = .03 and .11, respectively). Significant period × treatment interactions were observed for d 43 to 84 and d 127 to 140 ( P < .05, Figure 1 ). This interaction could be due to the variation associated with water consumption during the 16 h period without feed before the UD procedure. Average daily gain was similar for control and UD steers over the entire feeding trial (1.70 vs 1.68 kg/d, P = .77, respectively). This small decrease (1.2%) in total ADG for the UD cattle is similar to a decrease (3.1%) observed by Bartle and Preston (1992) during the week following urea dilution procedure. Data were also inconsistent for breed type. The BIX steers had higher numerical ADG for d 0 to 42, 52 to 126, and 127 to 140 (2.14 vs 1.93, 1.71 vs 1.51, and 1.64 vs 1.61 kg; P = .19, .24, and .85, respectively), and BTX steers had higher values for ADG only during d 43 to 84 (1.50 vs 1.39, P = .28). Over the entire feeding trial, the ADG by the BIX and BTX steers was not different (1.74 vs 1.64 kg/d, respectively, P = .28).
Control steers were not different from UD steers for DMI, but controls consistently had higher values ( P > .32) for DMI in Periods 1, 2, 4, and overall (7.33 vs 7.18, 8.50 vs 7.94, 9.02 vs 8.72, 8.26 vs 8.04 kg, respectively). Period 3 DMI was similar for UD and control steers (8.70 vs 8.77 kg, P = .91). Inconsistencies in DMI were probably not caused by weighing the steers because data of Bartle and Preston (1992) showed that weighing steers did not seem to affect DMI.
There was no difference in overall DMI between breed types (7.96 vs 8.35 kg, P = .50, for the BIX and BTX steers, respectively). Additionally, DMI was not different due to breed type during any period (7.66 vs 6.84, P = .34; 8.30 vs 8.14, P = .76; 8.86 vs 8.60, P = .68; and 8.97 vs 8.77 kg/d, P = .54 for BIX and BTX steers in Periods 1, 2, 3, and 4, respectively).
Inconsistency in ADG also was reflected in gain efficiencies. Steers on which UD was performed tended to have a higher gain efficiency during d 85 to 126 (196 vs 174 g of BW gain/kg of DMI; P = .09). Control steers had higher gain:DMI ratios on d 43 to 84 and 127 to 140 (190 vs 162 and 197 vs 169; P = .07 and .06, respectively). Overall, the UD and control steers had similar gain efficiencies (209 vs 207, P = .78).
As with ADG, the breed effects were inconsistent between periods. The BIX steers had higher gain:DMI ratios for d 0 to 42 and 85 to 126 (311 vs 254 and 200 vs 171; P = .02 and .05, respectively). The BIX cattle had higher gain efficiencies than did the BTX steers (218 vs 197, P = .06) over the entire feeding trial.
Tables 2 and 3 list the correlation coefficients for UD determined empty body fat ( UDEBF) vs various measurements within periods, over and within the two breed types. In general, the correlation coefficients with ultrasonic backfat ( BF) were stronger for the pooled data, −.78, .50, .84, and .84 within each successive period (i.e., 1, 2, 3, and 4). These data support the conclusions of Bennett et al. (1982) , who reported a correlation coefficient of r = .88 between ultrasound and carcass 12th rib fat thickness and r =
.75 between ultrasound and percentage ether extract. Figure 2 illustrates that starting with Periods 2 through 4, there was an increasing linear trend for both UDEBF and BF with a steady decrease in the standard error of the mean for the UDEBF measurements with time on feed. When the data were separated into breed types, the BTX steers had a trend for lower correlation coefficients as time progressed between UDEBF and BF ( r = .73, .53, and .08 for Periods 2, 3, and 4, respectively). The BIX steers had inconsistent correlation coefficients between UDEBF and BF for the last three sample periods ( r = .69, .28, and .74). The BIX steers consistently had lower UDEBF values than did the BTX steers throughout the entire trial. When using BF as a basis of comparison, UDEBF was a better indicator for the pooled data than it was for the individual breed types. This is in contrast to the results of Bennett et al. (1982) , in which urea space was a better indicator for homogeneous groups of cattle. The BIX and BTX steers had similar final BF thickness and UDEBF values (16.4 vs 15.0 mm and 30.0 vs 29.8%, P = .49, respectively).
Percentage UDEBF was also correlated with the live weight of the UD treatment steers (Tables 2 and  3 ). Moderate to significant correlations were obtained for Periods 2, 3, and 4 for the pooled data and the BIX steers (range from r = .57 to .99). Correlations at the various periods were made to determine whether reasonable estimates could be made for sorting cattle during the feeding trial. Urea dilution empty body fat and live weight had the lowest correlation for Period 1 for the pooled data and the BTX steers ( r = .34 and −.36, respectively). As indicated in Figures 3 and 4 , live weight accretion and UDEBF followed the same linear trends and had similar slopes starting with Period 2 and continuing through Period 4. A high correlation between UDEBF and live weight can be partially explained because live weight is used to determine the amount of urea to infuse and to calculate percentage of urea space. Moreover, it is a variable in the equation by Rule et al. (1986) that was used to calculate UDEBF.
Percentage of UDEBF was compared to other equations for estimating carcass fat ( ECF) . The period UDEBF was compared with two equations derived by Miller et al. (1988) Miller et al. (1988) . Breed effects on ECF were not apparent because BIX and BTX steers had similar ECF values (38.9 vs 36.6%, P = .48). Using the pooled data, a moderate correlation ( r = .61) was obtained between BF and ECF. A general increasing trend in correlation coefficients was observed between shrunk live weight and ECF ( r = .53, .69, .66, .72, and .73 for Periods 1, 2, 3, 4, and 5, respectively). The second equation that was compared to UDEBF was an equation obtained from Miller et al. (1988) using carcass yield grade ( YG) to calculate carcass fat: carcass fat = 8.9 * YG + 5.7. Using this equation, a moderate correlation was obtained for the BIX steers ( r = .63), but a negative correlation of r = −.14 was calculated for BTX steers.
Correlations using percentage of carcass protein were also computed. A negative correlation is expected between percentage of carcass protein and UDEBF and BF because, as the animal approaches maturity, the percentage of the live weight as fat increases. Thus, the data reported here seem reasonable because significant negative correlations were calculated for percentage of carcass protein vs percentage of UDEBF for the pooled data, and for both breed types. Carcass protein was also negatively correlated with BF. The pooled data of both breeds and the BIX data yielded moderate to high negative correlations with a range of r = −.50 to −.78. The BTX steers, however, showed little correlation between UDEBF and percentage of carcass protein to BF ( r = .08).
Implications
Performing the urea dilution procedure had no overall effect on average daily gain, dry matter intake, gain efficiency, or empty carcass fat, compared to control steers. There were no differences observed using the general breed type specification of Bos indicus cross and Bos taurus cross steers for average daily gain, dry matter intake, backfat, and empty carcass fat. Therefore, urea dilution would be a valuable research tool if multiple estimates over time of body composition are needed when the slaughtering of the animal is not desired.
